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Abstract 
 Photoluminescence and time resolved photoluminescence spectra of YVO4 doped with 
Pr
3+
 obtained at high hydrostatic pressure up to 76 kbar applied in a diamond anvil cell are 
presented. At pressures lower than 60 kbar the steady state emission spectra consist of sharp 
lines peaking between 600 and 625 nm, related to 
1
D2
3
H4 transition in Pr
3+
and two lines at 
475 nm and 575 nm related to an uncontrolled amount of Dy
3+
 ions. At pressures above 68 
kbar the Pr
3+
 and Dy
3+ 
emission intensity decreases and the corresponding bands are replaced 
by a broad band peaking at 530 nm attributed to perturbed YVO4 host luminescence. The 
quenching of the 
1
D2
3
H4 emission with increasing pressure is accompanied by a shortening 
of its lifetime from 12.5 s at ambient pressure to less than 3 s at 60 kbar and has been 
attributed to nonradiative transition to the charge transfer exciton trapped at Pr
3+
 ion (Pr
4+
+ 
electron bound by the Coulomb potential).  
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Introduction  
 YVO4 doped with rare earth ions is one of the classical phosphors, which have been 
studied for many years and have found many applications as components of screens, lamp 
phosphors and laser materials [1]. However, as it has been discussed by Blasse, [2] the 
knowledge of this material is far from satisfactory, [3]. Specifically, issues concern the 
relaxation processes of the excitation energy and the competition between impurity emission 
and broad band host luminescence related to the VO4
3-
 complex, [4]. In this paper we focus on 
YVO4:Pr
3+
 crystals. In these materials the VO4
3- 
luminescence is weak and is replaced by Pr
3+
 
emission that consists of sharp lines related to the 
1
D2
3
H4 transition.  The luminescence 
related to the transition 
3
P0
3
H4  is quenched by nonradiative processes through a charge 
transfer exciton state [5]. We have used high pressure techniques to control the relative energy 
of the charge transfer exciton and of the 
1
D2 state and to analyze qualitatively the 
luminescence processes and the nonradiative energy transfer between the optical centres. 
 
Experimental  
 The crystals under investigation were grown using the procedure already described 
[4]. The Pr
3+
 concentration in the crystals was 0.1 mol%. 
High pressure has been applied in a diamond anvil cell (DAC) Merrill Bassett type [6], 
poly (dimethylsiloxane) oil has been used as pressure transmitting medium and a ruby crystal 
has been used as pressure sensor. Steady state luminescence has been excited with He-Cd 
laser with wavelength 325 nm. This excitation wavelength corresponds to interband 
transitions typical of the host vanadate groups. Luminescence has been dispersed by PGS2 
spectrometer working as monochromator and detected by a R943-2 photomultiplier working 
in photon counting regime.  To obtain time resolved spectra, samples were excited using an 
OPG system that generates 30 ps pulses of 335 nm wavelength, with frequency 10 Hz.  The 
luminescence kinetics and time resolved spectra were measured using a Hamamatsu Streak 
Camera model C4334-0.  Luminescence spectra were collected by integration of the streak 
camera pictures over the time intervals, whereas the luminescence decays were collected by 
integration the streak camera pictures over the wavelength intervals. All spectra have been 
measured at ambient temperature. 
 
Results and discussion 
 The steady state luminescence spectra of YVO4:Pr
3+
 for different pressures
 
 are 
presented in Fig. 1. Sharp bands  labeled by A, B, C  represent the  luminescence related to 
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1
D2
3
H4 transition in Pr
3+
 ions, bands labeled  D and E represent the Dy
3+
 luminescence. The 
Dy
3+
 ions were presumably present as accidental impurities in the  
reagents used for the crystal growth. The presence of the  Dy
3+
   
lines can be explained by the fact that these impurity  is directly pumped by the  
325 nm excitation, [4].  At ambient pressure mainly Pr
3+
 and Dy
3+ 
emission bands are 
observed. At pressure 68 kbar and higher the emission from Pr
3+
 and Dy
3+ 
is quenched and 
replaced by  a broad band peaking at 530 nm (labeled as F). This emission is attributed to a 
perturbed  vanadate
- 
host luminescence [7]. The energies of the A, B, C, D and E bands 
decrease with increasing pressure with the rates -2.1 cm
-1
/kbar,  -1.5 cm
-1
/kbar,  -1.3 cm
-
1
/kbar, -1.0 cm
-1
/kbar and -0.3 cm
-1
/kbar, respectively. The negative pressure shift of the 
1
D2
3
H4 emission in Pr
3+
 are in accordance with the data obtained earlier for Pr
3+
 in LiNbO3 
[8] and LiTaO3 [9].  
Contributions of the vanadate, Pr
3+
 and Dy
3+
 luminescence to the whole spectrum can 
be analyzed by time resolved spectroscopy. In Fig. 2 time resolved luminescence spectra of 
YVO4:Pr
3+
 are presented for ambient pressure conditions. The time intervals are indicated in 
the figure. One can see that Dy
3+
 emission is the most persistent. However the luminescence 
intensity of Dy
3+
 is too weak to allow an accurate analysis of the luminescence decay.   
 The spectrum in the time interval 0-10 s shows interesting features. Apart from the 
Pr
3+
 luminescence,  a fast decaying broad emission peaking in the blue region (about 430 nm) 
is observed. This band is different from the F band observed under pressure in Fig. 1. It is 
ascribed to unperturbed VO4
3- 
luminescence [10]. This result seems to indicate that the 
vanadate perturbation giving rise to the F emission band is induced by the application of 
pressure. It has been shown [4] that VO4
3-
 luminescence lifetime and intensity decrease when 
YVO4 is doped with Pr
3+
. This effect is related to nonradiative energy transfer from VO4
3-
 to 
Pr
3+
.  
 In Fig. 3 a the decay curves of the Pr
3+
 emission related to the 
1
D2
3
H4 transition at 
different pressures are presented. One notices that the decays are exponential and the decay 
constant decreases form 12.5 s at ambient pressure to 3.4 s  at 42 kbar. Above 50 kbar the 
Pr
3+
 emission is too weak to be analyzed accurately as it is replaced by the broad F emission 
band.  
 The decrease of the 
1
D2
3
H4 emission decay constant with increasing pressure is 
accompanied by a decrease of its intensity, as attested by Fig. 1. The same effect has been 
previously shown in Pr
3+
 doped LiNbO3 and has been related to nonradiative deexcitation of 
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the 
1
D2 state through the Pr
3+ 
trapped charge transfer exciton state. The activation energy of 
this process decreases with increasing pressure [9, 11]. 
The decays of the luminescence monitored at 530 nm, (F band) are presented in Fig 3 b. The 
decays are multi-exponential and become longer for higher pressure. For pressures above 50 
kbar the average decay constant of this band calculated as dttIdtttI )(/)(  is equal 
DSSUR[LPDWHO\WR s. It is close to the value found for the typical emission of undoped 
YVO4 (14 s) [4]. 
 
Conclusions  
 High pressure luminescence spectra and luminescence kinetics of Pr
3+
 doped YVO4 
crystal have been measured at room temperature.  
 The effect of pressure quenching and lifetime shortening of the f-f emission of Pr
3+
 
have been attributed to the decrease of the energy of the charge transfer state with pressure. 
This leads to an abrupt decrease of the population of the 
1
D2 state for a pressure in the range 
60-68 kbar. Simultaneously with the quenching of the 
1
D2
3
H4 emission, a broad band 
ascribed to pressure-induced perturbed VO4
3- 
emission appears. This band is tentatively 
ascribed to the emission of YVO4 host activated through the Pr
3+
 trapped exciton charge 
transfer state. A complete model that accounts for the experimental observations will be 
described and discussed elsewhere [12, 13]. 
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Figure captions  
 
Fig. 1 
The normalized steady state luminescence spectra of  YVO4:Pr
3+
 for different pressures. 
Spectra have been obtained under excitation at 325 nm (He-Cd laser) 
 
Fig. 2   
Time resolved luminescence spectra of YVO4:Pr
3+ 
at ambient pressure. 
 
 Fig. 3  
a)  decay curves of the Pr
3+
 emission related to the 
1
D2
3
H4 transition at different pressures. 
b)  decay curves of the luminescence monitored at 530-nm (the perturbed YVO4 host 
emission). 
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Fig. 2 
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Fig. 3 
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